The differential reflectivity (ZDR) radar signal contains information on the shape and alignment of ice phase hydrometeors. Under certain circumstances, then, this signal and reflectivity factor can be used to identify the presence of hail particles. Such interpretations require knowledge about the scattering properties of various types and shapes of hydrometeors, including ice, water-coated ice, and graupel. These hydrometeors are examined for their differential scattering properties obtained from computations using the transition (T) matrix method of Waterman and an extension of this theory to two-layered bodies. Differential radar cross sections together with circular depolarization ratios are presented, and several instances of possible hail detection by radar using ZDR signatures are illustrated.
INTRODUCTION
The detection of hail by radar remote sensing has been a major goal of meteorologists for many years [Atlas and Ludlam, 1961 Aydin and Hizal, 1979 ]. This remains a major, unsolved problem in radar meteorology as recently noted by Ulbrich and Atlas [1982] . Therefore it is essential that additional means of detecting hail by radar be explored. This potential requires theoretical, computational, and observational efforts in order to test possible schemes.
Since the differential reflectivity (ZDR) radar pa- • On leave from the Electrical Engineering Department, Middle 
ICE PHASE HYDROMETEORS
Ice phase hydrometeors occur in innumerable shapes and sizes and in different densities and stages of melting. Gokhale [1975] in a comprehensive review of hailstone characteristics indicates that the spherical form is most common, especially at smaller sizes, that conical forms are commonly observed because of stable orientation of falling hailstones and rapid base growth due to accretion, and that hailstones become increasingly oblate spheroidal as the growth process continues. Among this plethora of shapes are a variety of unusual shapes, often exhibiting arms and spikes in highly complex arrangements. The ice density of hailstones varies as a result of variable air content, and liquid water often occurs with ice, producing spongy hailstones. Therefore, in order to study radar signatures of ice phase hydrometeors, a systematic approach using model hailstone sizes, shapes, and bulk densities is required. This work contributes to this effort by examining scattering properties of hailstones at 10-cm wavelengths. vious models, the presence of water increased the radar cross sections at all sizes compared to the reference equal volume ice sphere, and for these cone angles, ZD, and CDR remain nearly constant with size for the ice-air mixture; they are not plotted here but are summarized in Table 3 .
The SCOM ice-water behavior of ZD, and CDR is very different than that of the ice-air mixture. The most important difference is the peaking of ZD, and CDR at the largest sizes.
EXAMPLES OF HAIL DETECTION USING ZD,
The previous computations of ZDa for different models of ice phase hydrometeors strongly suggest the possibility that ZDa (and CDR) may be useful for 
